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RESEARCH MEMORANDUM

RECENT DESIGN STUDIES DIRECTED TOWARD
ELTMINATION OF PITCH-UP

By Joseph Weill and W. H. Gray
INTRODUCTORY- REMARKS

The function of the present paper is to present the results of
recent design studies of complete configurations expressly directed
toward elimination of high-speed pitch-up. Tail-off results for some
of the configurations presented herein can be found in reference 1.

Before proceeding with the discussion it should be stated that
methods are availsble from which arbitrary nonlinear aerodynamic char-
acteristics can readily be converted into calculated time histories of
representative flight meneuvers. (See ref. 2.) Such calculations
obviously do not have the value of flight tests but nevertheless are
very useful in serving as a gulde in interpreting wind-tunnel data and.
in studying the importance of the various factors affecting the over-
all problen.

The application of the calculation method to evaluate the effec-
tiveness of corrective control for a given pitching-moment shape is
illustrated in figure 1.

The particular pitching-moment curve used had a region of neutral
stability. A ramp stabilizer input was applied at 1 degree per second.
It was assumed the pilot desired to arrest the motion at o = 80; how'-
ever, because of reaction-time delsy end control lag it was further
assumed that there was a 0.5-second deley before either the control -
motion was stopped or the h-degrees-per-second corrective control
applied.

An important factor in determining the controllability of an over-
shoot 1s a term proportional to the ratio of the aerodynamic moment to
the airplane moment of inertia. For a value of this dynamic response
factor of 16 (representative of an airplane primarily loaded along the
fuselage and flylng at altitude at transonic speeds), it is evident that
corrective control was instrumental in appreciablg reducing the overshoot
although the peek angle reached was still about 5 greater than would
have been attained with a linear pitching-moment curve and therefore
undesirable.
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For a dynamic response factor of 6h (representative of an airplane
primarily loaded along the wings), the motion builds up so rapidly that
corrective control is completely ineffective in reducing the overshoot.

It should be noted that the interpretation of some of the results
to be presented in this paper are based on calculations such as these
where flight experience with configurations having similar character-
istics was not availsble.

The problem of tail location (from the stability standpoint) is one
of matching the stability contribution of the tail to the wing-fuselage
characteristics. The manner in which the choice of tail location might
be affected by three different types of simplified wing-fuselage pitching-
moment curves is shown in figure 2.

With a tail-off curve characterized by a stable break at moderate
angle of attack, location of the tail so that it approaches the wing
wake with reduced tail contribution to stebility in the moderate « range
will tend to linearize the stability characteristics of the complete con-
figuration. For a wing-fuselage curve with a mild destabilizing break,
the use of a somevwhat lower tail with the tail contribution to stability
shown might be desired. When the wing-fuselage curve indicates a large
unstable change at moderate angle of attack, the only possibility of
securing an acceptable complete configuration lies in the use of a tail
low enough so that its emergence from the wing wake and resulting increased
stability contribution will overcome the tail-off Instability.

SCOPE

The scope of the complete configurations to be discussed in this
presentation is shown in figure 3. The conflgurations studled were con-
ceilved as having all-movable tails and the tail lengths varied from 1.2
to 1.4t wing semispans. Stability information showing effects of changes
in tail height is presented for these configurations in subsequent fig-
ures. The Reynolds numbers of the data were generally of the order of

from 3 X 100 to & x 108. Most of the investigations were made at high
subsonic Mach numbers, the range in which the most serious pitch-up is
usually encountered.

DISCUSSION

The effect of varying tail height on the pitching-moment character-
istics of an aspect-ratio-3 wing having an unswept 50-percent-chord line
is shown in figure 4. The wing had a taper ratio of 0.2 and a Y-percent-
thick airfoil. Data are presented at a Mach number of 0.80 and 0.90 for

Sl
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tail heights of 0, 32, and 64 percent of the wing semispan sbove the wing
chord plane extended. A reference center-of-gravity location has been

chosen for each tail height such that an initial slope SEE = -0.12 was
obtained at M = 0.80. (See table I.) The lift curve is shown for
reference purposes.

It. is seen that, at M = 0.80, some overshoot would be experienced
at high Cp for eilther of the two higher tails. Although the highest

tail shows an ebrupt instebility, it is not thought that this instabllity
would seriously limit the usefulness of the airplane because the pitch-up
tendency 1s preceded by a pronounced stable break in the moment curve
which would serve as a warning to the pilot and occurs at an angle of
attack considerably above the severe break in the 1lift curve and there-
fore probably well into the heavy buffet region. No pitch-up problem is
indicated for the 1lift range obtained at M = 0.90. Somewhat similar
results were obtained from an investigation of an unswept wing of aspect
ratio 4 and taper ratio 0.6. (See fig. 5.)

The effects of reducing the aspect ratio of a moderately swept wing
from 4 to 3 are presented in figure 6. TInasmuch as the lower-aspect-ratio
wing was formed by cutting off the tips of the aspect-ratio-l configura-
tion, the taper ratio increased from 0.60 to 0.68. Data are presented for
8 Mach number of 0.90 for a tail located approximately 15 percent semispan
above and below the wing chord plane extended,

For the tail located above the fuselage, & pitch-up tendency is shown
for either aspect ratio wing coincident with an abrupt break in the 1ift
curve. For the aspect-ratio-l wing, the severity of the Cm break would
indicate a fairly severe pitch-up. Reducing the aspect ratio to 3 delayed
the onset of pitch-up by about 0.1C;, and the importance of the much

milder pitch-up tendency indicated is questionable in view of the probable
presence of appreciable buffet.

With the tail located below the fuselage, no pitch-up tendency is
shown for either aspect ratio.

Figure 7 illustrates the effect of taper ratio on the stability
characteristics of configurations having an aspect ratio of 3 and quarter-
chord sweep of 30°. Data are presented at Mach numbers of 0.92 and 1.06

for a tail located on the chord plane extended and 64 percent of the wing
semispan above the chord plane extended.

At M = 0.92, regardless of tail height and taper ratio, a jog is
present in the moment curve at moderate 1ift coefficient. The destabi-
lizing tendencies, however, occur at a 1lift coefficient about 0.2 higher
for the wing having 0.5 taper and would appear to be somewhat less severe.
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For elther taper ratio, an aebrupt instability is present at extremely
high o as the high tail approaches the wake. At a Mach number of 1.06,
no pitch-up problem is indicated in the 1ift range obtained.

The effect of tail height on the stability characteristics of a
450 delta wing with tips clipped to form a wing with an aspect ratio of 3
are given in figure 8. The taper ratio was 0.14 and the quarter-chord
sweep, 36.8°. Of the three tail positions investigated, the middle tail
was clearly the worst. For the high tail, the lift coefficient at which a
pronounced instability exists at M = 0.80 was delayed to an angle of attack
of 18° or well beyond the gbrupt break in the 1ift curve. The chord-plane
tail had fairly acceptable characteristics at both Mach numbers. Thus for
this arrangement, it is obvious that a low tail or a very high tail repre-
sents the best choice of tail location from the pitch-up standpoint.

The effect of Mach number on the stability characteristics of a con-
figuration having a 47° swept wing of aspect ratio 5.5 is shown in fig-
ure 9 for tail heights of 6 and 56 percent of the wing semispan above the
wing chord plane. Figure 9 shows that, although the instability was less
pronounced for the lower tail, neither configuration had acceptable pitch-up
characteristics. Furthermore, the results show that the onset of pitch-up
is delayed to a progressively higher 1ift coefficient as the Mach number
is increased from 0.90 to 1.0t. For the lower tail it is also evident
that the severity of the pitch-up tendency is considersbly reduced at the
highest Mach number.

The effect of tail height on the stability characteristics of a
45° swept wing of aspect ratio 4 at a Mach number of 0.90 is shown in
figure 10. The wing-fuselage characteristics are such that, even when
the tail is placed O.lhb/é below the fuselage, undesirable pitching-
moment characteristics are retained.

The effect of a leading-edge modification on the stability character-
istics of the 45° wing at M = 0.90 is presented in figure 11. The
leading-edge modification used consisted of a 1l0-percent chord-extension
from 65 percent semispan to the wing tip and a full-span 20~percent-chord
nose flap. The combination was drooped 6° streamwise and hinged about
the 20-percent chord line. Such an arrangement has been shown to have
favorable performsnce characteristice at high subsonic speeds. See
reference 3.

For a tall location above the fuselage, the use of the modified wing
delayed the onset of pitch-up by about O0.1Cy. The severity of the pitch-up,
however, would not appear to be altered. When the tail is placed below the
fuselage it would appear that the use of the modification would result in
fairly acceptable pitching-moment characteristics. See reference .

_Ommmm—.
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The importance of localized inboard plan-form modifications on the
tail contribution to stebility at M = 0.90 18 1llustrated in figure 12.
The inboard modifications were added to the configuration having nose
droop and chord-extensions. Pitching-moment and tail contribution to
the stability (Cmu)t are plotted against angle of attack.

On the left-hand side of figure 12 is shown the effect of adding a
trailing-edge extension inboard of the 40O-percent- -semispan station. The
tail height was 0.26b/2 above the chord plane extended. It is evident
that the addition of the extension increased the severity of the insta-
bility. The reason for this increase is traceable to the highly
destabilizing effect of the trailing-edge extension on the tail con-
tribution to the stability.

On the right-hand side of figure 12 is shown the effect of a root
indentation extending inboard of the 30-percent-semispan station intersecting
the fuselage at sbout the 30-percent-chord line. A tail height of 1lhi-percent
semispan sbove the chord plane was used for this study. A significant
improvement in the stablility characteristics is shown for the configura-
tion with root indentations. The reason for this improvement is traceable
to the stebilizing effect of the indentation on the tail contribution to
stability.

The effects of more extreme plan-form modifications are summarized
in figures 13 and 1%. Data are presented for the basic 45° wing of aspect
ratio I, for a cranked wing with inboard sections swept 45° and outboard
hO—percent-semispan sections unswept, and for an M-plan-form wing with
inboard 4O-percent-semispan sections swept forward 45° and outboard sec-
tions swept back h5° Results are presented at Mach numbers of 0.80 and
0.90 and for tail heights of O, 27, and 55 percent above the chord plane.

For the basic swept wing it has been previously shown that, because
of the nature of the tail-off characteristics, no tail location produced
acceptable gtability characteristics.

From the results with the cranked wing it would appear that somewhat
better characteristics were obtalned for the low tail than for the corre-
sponiing swept-wing configuration.” Although the high tail investigated
would not be acceptable, there was a definite improvement over the results
obtained with the swept wing and the use of an extremely high tail should
not be ruled out. The mid-tail showed essentially no improvement and had
by far the worst stability characteristics.

For the M-plan-form wing; no pitch-up is indicated for the chord-
plane tail. For the high tail, the 1lift coefficient at which pitch-up is
indicated is almost twice that for the swept wing at M = 0.80 and substan-
tlal gains over the swept wing are also shown at M = 0.90. A somewhat

o N~
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higher tail locatlion than that tested would, however, in this instance
also be desirable. The characteristics of the mid-tail were considerably
improved over the comparable swept-wing configuration but this tail loca-
tion still appears the least desirable of the three locations investigated.

SUMMARY OF RESULTS

Figure 15 is used as an aid in summarizing the results and is essen-
tially a high-speed counterpart of the Shortal-Maggin boundary for wing
and wing-fuselage configurations (see ref. 5). The configurations have
been evaluated in the Mach number range from 0.80 to 0.95, the speed
range for which the most serious pitch-up can be expected for many con-
figurations. The points plotted are for simple wing and wing-fuselage
combinations having thicknesses from 3 to 6 percent streamwise. The
open symbols define the combinations of aspect ratio and sweep that produce
pitching-moment characteristics that would not of themselves constitute a
pitch-up problem, whereas the solid symbols represent configurations
having unaccepteble tail-off pitching-moment characteristics. The half-
filled symbols define configurations which, when combined with a fairly
constant tail contribution to stability, would produce marginal pitch-up
characteristics. The boundary region represents wings having more or less
marginal characteristics.

For configurations having wings falling on the left side of the
boundery, caution must be exercised to avoid placing the tail in a region
of unfavorable flow characteristics. For the aspect-ratio-3, essentially
unswept wing investigated, it was not considered that a serious pitch-up
problem existed; however, for a range of high tail positions a.pitch-up
tendency would be encountered at extremely high angles of attack.

For configurations falling in the boundary area, the tail must be
located so as not to aggravate but, if possible, to improve the wing
characteristics. For these wings it was usually found that a moderately
high tail location produced the most serious pitch-up tendency. A very
high or moderately low tail would give more marginal results and only a
very low tail produced good characteristics.

For wings falling above the boundary, the tail must overcome the
undesirable wing characteristics. For the rather thoroughly investigated
450 swept aspect-ratio-l wing, undesirable pitch-up would probably be
present at all rational tail positions. The use of wing "fixes" com-
bined with a very low tail produced an acceptable configuration for this
wing. The use of localized plan-form modifications and composite plan
forms offers the possibility of greater latitude in tail location for
wings of this type and warrants further study.

o NN ey
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Finally, it should be remembered that only the constant-speed pitch-
up has been treated in this paper. Large and abrupt changes In pitching
moment with Mach number, however, can also produce severe pitch-up and
should be avolded if possible.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., September 11, 1953.
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2 TABLE Y.~ REFERERCE CENTER-OF-GRAVITY LOCATIQOHS
[Em- = -0.12 at M = 0.8; low C%
XL,
Aspect Reference
Figure deg A Remarks bi/b/2|center of
ratio Ac/hr / gravity
4 3 12.6 0.20 0 0.04T
y 3 12.6 .20 0.32 136
L |3 12.6 .20 .64 .21
5 | & s} .60 0 T
5 |3 0 .60 .27 .
5 1% 0 .60 55 258
6 | b 32.6 .60 -2k .o4g
6 |k 32.6 .60 i) .23
6 3 32.6 .68 =17 258
6 3 32.6 .68 W17 e
T 13 30 .20 o ATE
T153 30 20 64 .
T 3 30 «50 0 138
T 13 30 .50 -6 .32
8 3 36.8 .14 0 JA%E
8 3 36.8 . 32 .28%
8 3 36.8 .1h G 328
9 |35 BT .20 06| s
9 {35 b7 .20 .56 oz
10 |k L .30 -k .368
10 |& 45 .30 Lk yE
10 |4 4% .30 26 3
11 L L5 .30|Chord extension and nose droop| -.1% J36E
11 .1 45 .30|Chord extension and nose droop| .14 30¢
12 |4 Is .30 |Inboard modification Jh 368
12 3 k5 .30} Inboard modification .26 .33%¢
13 |& b5 .30]| J Fuselage differs slightly ) 298
13 | &4 45 .30 from that used in fig- 27 3T
13" | % k5 +30 ures 10-12 .55 hoc
15 | b 450 inhoard; O° cutboard | .30|Cranked plan form 0 ks
13 )3 450 inhoard; O° outboard | .30|Cranked plen form .27 A8z
13 3 450 inboard; O° outboard | .30|Cranked plan form 55 24T
k1.3 L 450 inbhoard; 4%° outboard | .30|M plan form 0 Nt
n |4 450 inhoard; 45° outboard| .30[M plan form .27 g
i .3 550 inboard; 45° outboard | .30|M plan form .55 ATE
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EFFECT OF CORRECTIVE CONTROL IN TIME
HISTORY OF PULL-UP
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Figure >

EFFECT OF TAIL HEIGHT
Ac/p *0°% A=3; A=0.2; NACA 65A004
ht

- |
A M =0.80 - M=0.90
= h
\E\ b/t2
- ~. \
I.O[ i \\\\\ 64
_C]_ \\ \32
~N
0 20 ~
| a,DEG ™o
L 1 1 1 1 J L 1 1 1 1 J
0 4 6 B8 (0 0 .2 5 8 10




< TONETRPRLY NACA RM I53I23c

EFFECT OF TAIL HEIGHT

Ac/a = 0%; A =4; X =06; NACA 65A006

EFFECT OF ASPECT RATIO, Ac/4 = 32.6°
NACA 65A006; M=0.90

A=4; A=060
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Figure 6
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EFFECT OF TAPER RATIO, Ac/q =30° AND A=3
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EFFECT OF TAIL HEIGHT, Ac/4=36.8° AND A=3
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EFFECT OF MACH NUMBER, An/g = 47° AND A=3.5
A=0.2; /¢ =0.055
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EFFECT OF TAIL HEIGHT, Ac/q=45° AND A=4
A=0.3; NACA 65A006
M=0.90
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COMBINED EFFECT OF CHORD-EXTENSION AND
NOSE DROOP
M=0.90

BASIC: A=4; Ac/q=45°; A=0.3
MODIFIED: 0.10€ CHORD-EXTENSION,
0.65b/2 TO TIP AND 0.2C NOSE
FLAP, 8n=6°
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EFFEGT OF TAIL HEIGHT FOR COMPOSITE PLAN FORMS
A=4; NACA 65A006
A {45° INBOARD
c/4

0° OUTBOARD
Acsq =45° bt _sb/2
b/2
or /37 [ ht
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A=4; NAGA 65A006
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HIGH-SPEED WING-FUSELAGE STABILITY BOUNDARY
M=0.80 TO 0.95;1/c=0.03 TO 0.06;A=0TO 0.7
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Figure 15
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